The genus Geranium L. (Geraniaceae) comprises almost 400 species found in temperate and tropical mountainous areas of the World [1] . Some Geranium species have been employed in folk medicine for their tonic, diuretic, antidiabetic, antidiarrheal, antihemorrhoidal and styptic properties. Moreover, they have been used in the treatment of gastric disorders, for promoting the healing of wounds, gingivitis, ulcerated sore gums and pyorrhea [2, 3] . This genus is chemically characterized by the presence of tannins [4] [5] [6] , galloylated flavonoids [4] [5] [6] [7] , and lignans [8] . However, G. psilostemon Ledeb. has not been investigated so far.
Oxidative stress has been linked to diabetes, aging, atheriosclerosis, cardiovascular illnesses, inflammation, cancer and several neurodegenerative disorders. It has been reported that antioxidants protect the living systems from peroxidative damage and play a crucial role in the prevention and/or progression of chronic diseases [9, 10] . Therefore, natural antioxidants from food and herbal products have attracted much attention. The present study was undertaken to evaluate the antioxidant effects of different extracts prepared from the aerial parts of G. psilostemon, and to characterize the constituents of the most effective extract. The antioxidant effects of the isolated compounds from the most effective extract were also tested.
Phytochemical analysis of the aerial parts of G. psilostemon led to the isolation of nine compounds, identified as gallic acid (1) [11] , methyl gallate (2) [6] , pusilagin (3) [12], 1,3,6-tri-O-galloyl-βglucopyranoside (4) [13] , 1,2,3,4,6-penta-O-galloyl-βglucopyranoside (5) [14] , kaempferol (6) [15] , quercetin (7) [15], kaempferol 7-O-α-rhamnopyranoside (8) [16] , and quercetin 7-O-α-rhamnopyranoside (9) [17] by comparing their spectroscopic data with those reported in the literature. Figure 1 ). The EtOAc extract was found to be the most active one.
The general order of H 2 O 2 -induced lipid peroxidation inhibitory activity of extracts was EtOAc extract > MeOH extract > n-BuOH extract > H 2 O extract. All extracts showed higher activity than that of either ascorbic acid or trolox. The tested compounds (4, 5, 8, 9) also showed higher activity than that of the reference substances at 25 and 50 µg/mL ( Figure 2 ). Compounds 8 and 9 exhibited the highest antioxidant effects, followed by compounds 4 and 5.
MeOH, EtOAc, n-BuOH and H 2 O extracts prepared from G. psilostemon, as well as compounds 1-7 were evaluated for their SOD activity comparing with trolox and ascorbic acid (at 25 and 50 µg/mL). Figure 3 shows the effects of the tested samples on the activity of SOD, one of the major antioxidant enzymes in human erythrocytes. SOD catalyses dismutation of superoxide anion radical to H 2 O 2 . Two enzymes degrade H 2 O 2 : glutathione peroxidase and CAT. Thus, SOD functions as the first step in the detoxification of the superoxide anion radical, and the other two enzymes complete the process. All the tested samples in this study enhanced the activity of SOD ( Figure 3 ). The EtOAc fraction was found to be the most effective. Its antioxidant effect was higher than those of the reference substances. The antioxidant effects of the tested extracts decreased in the following order: EtOAc > n-BuOH > MeOH > H 2 O. All the tested compounds (1-7), except compound 3, exhibited higher activity than the reference compounds at 25 µg/mL. Flavonoids (compounds 6 and 7) increased the activity of SOD more than the other tested phenolic compounds (1) (2) (3) (4) (5) . Figure 4 represents the effects of different extracts of G. psilostemon, as well as compounds 1-7 on the activity of CAT, the other major antioxidant enzyme in human erythrocytes. In vivo degradation of H 2 O 2 at physiological concentrations is catalyzed by glutathione peroxidase, while higher concentrations are detoxified by CAT. In this respect, any compound increasing the activity of CAT might be considered beneficial, since it will contribute to the decomposition of H 2 O 2 and prevent the formation of the most dangerous hydroxyl radical. All the extracts produced significant increases in CAT activity but the EtOAc extract was the most powerful in this test system. The order of decrease was as follows: EtOAc > n-BuOH > MeOH > H 2 O. All the tested compounds (1-7) enhanced the activity of CAT, but compound 4 had the highest effect at 25 µg/mL. The other compounds had either similar antioxidant effects or were more effective than the reference compounds, trolox and ascorbic acid, at 25 and 50 µg/mL.
Diabetes mellitus is a pathological condition, resulting in severe metabolic imbalances and non-physiological changes in many tissues, where oxidative stress plays an important role in etiology. Diabetics exhibit high oxidative stress, largely due to persistent and chronic hyperglycemia, and have reduced activity of their antioxidative defense system. It has been suggested that antioxidants have beneficial effects against glucose toxicity in diabetes [18, 19] . Usage of Geranium plants in folk medicine as antidiabetic remedies may be partly due to their high antioxidant activity and their polyphenolic content, which is responsible for their antioxidant effect, as shown in this study. 
Experimental

General experimental procedures:
Chemicals:
Tetraethoxypropane (TEP), Folin-Ciocalteu's reagent, thiobarbituric acid (TBA), pyrogallol, trizma base, sodium carbonate, trolox and ascorbic acid were obtained from Sigma. All other chemicals were purchased from Merck (Darmstadt, Germany).
H 2 O 2 -induced lipid peroxidation inhibitory activity:
H 2 O 2 -induced lipid peroxidation inhibitory activity was determined by the method of Quinlan et al. (1998) with a slight modification [20] .
Superoxide dismutase (SOD) activity:
SOD activity was measured, by the method of Marklund and Marklund [21] .
Catalase (CAT) activity:
CAT activity was measured by monitoring the decomposition of hydrogen peroxide as previously described [22] .
Statistical analysis:
Statistical analyses of the data were performed by Student's t-test. A probability value of P≤0.05 was considered to denote a statistically significant difference. Data are presented as mean values ± SD.
